ABSTRACT This article provides estimates of economies of scale and scope for 200 large Australian superannuation (pension) funds using a multiple-output cost function. We separately defi ne costs in terms of investment expenses -including investment, custodian and asset management fees -and operating expenses -comprising management, administration, actuarial, director and trustee fees / charges. The four investment outputs are cash fl ow-adjusted net assets, the number of investment options, the proportion of total assets in the default strategy and the 5-year rate of return for investment costs, whereas the four operating outputs are cash fl ow-adjusted net assets, the number of members, net contribution fl ows and net rollovers for operating costs. We fi nd that economies of scale hold up to at least 300 per cent of current mean fund output in both investment and operating costs. There is little evidence that economies of scope prevail, generally refl ected in the proclivity for many superannuation funds to contract out aspects of both investments and operations.
INTRODUCTION
Australia ' s superannuation system (comprising a compulsory employer-funded superannuation (retirement income) system supplemented by a narrowly focused (age, means and income tested) public pension) continues to grow apace with superannuation savings forecast to increase from US $ 1.1 trillion (90 per cent of GDP) today to $ 6.1 trillion (130 per cent of GDP) by 2035. The profi le and structure of the superannuation industry has also changed rapidly, with consolidation projected to cause the number of large funds to fall from 447 today (4734 in 1996) to 74 in 2035, with the largest fund to increase from $ 41.5 billion today to $ 350 billion in 2035. 1 However, accompanying these dramatic changes has been disquiet about several limitations of the present system in terms of effi ciency (that it operates in the most cost-effective manner and in the best interests of members) and operations (that returns to members are maximised, including through minimising costs).
Reporting in June 2010, the Review of the Governance, Effi ciency, Structure and Operation of Australia ' s Superannuation System (Cooper Review) made a large number of recommendations. These include the substantial benefi ts for members of increased scale in the superannuation industry and the desirability of the Australian Prudential Regulation Authority (APRA) in overseeing and promoting the effi ciency of the superannuation system. They also include the proposed role of SuperStream (a package of measures aimed at reforming back-offi ce operations in terms of the increased use of technology, uniform data standards, tax fi le identifi cation and straight-through processing of transactions) and MySuper (a simple product designed for the majority of members) in lowering overall costs.
Clearly, a major focus in these and future developments has been and will be the level of investment and operating (administration) costs, particularly their interaction with the scale (the size of production) and scope (the diversity of production) of superannuation funds. Unfortunately, and outside the Cooper Review ' s partial evidence, there is relatively little work on the role of economies of scale and scope in improving the level of cost effi ciency in superannuation funds. In fact, just three studies broadly relate to the objective of this article to estimate economies of scale and scope in Australian superannuation funds.
First, Ang and Wuh Lin 2 employ cost functions to estimate economies of scale and scope, but for US mutual funds. Their emphasis is on the parameter estimates for different fund characteristics (including asset allocation and investment strategy) with the fi ndings indicating strong economies of scale in operating expenses, but only weak evidence of economies of scope in multiproduct funds. Second, Malhotra there is no attempt to estimate economies of scope nor discuss scale and scope effi ciencies at different levels of observed output. Nevertheless, it is in the spirit of the latter that we frame our analysis. In so doing, we complement the fi nding of existing studies of costs in superannuation (pension) funds in the United States, 6 -9 Australia, 10 -12 Ireland 13 and the United Kingdom. 14 In the rest of the article, we fi rst briefl y discuss investment and operating costs in superannuation funds. We then describe the specifi cation of superannuation fund costs and outputs used in the analysis. Afterwards, we describe the cost function used to estimate the economies of scale and scope and present the results. We end the article with a brief conclusion.
ECONOMIES OF SCALE AND SCOPE IN SUPERANNUATION FUNDS
In general, we can divide the overall costs required to operate a superannuation fund into two areas: investment costs and operating (or administration) costs. To start with, investment-related costs are expenses required to make and undertake investment decisions and, according to the Cooper Review, 1 are quite properly related to the assets under management, principally investment, custodian and asset management fees. Although we expect the quantum of these costs to increase with assets under management, they will necessarily vary with whether the assets are actively or passively managed, the nature of the underlying distribution of assets and the extent to which the trustee has decided to invest in alternative and illiquid assets.
By comparison, operating costs in superannuation funds largely refl ect the transaction-based needs of fund members across a wide range of services, including customer interface (call centres, Websites, mailrooms, marketing), back offi ce processing (new members, benefi t payments, contribution uploads, compliance, audit and reporting) and record-keeping systems (information technology, member records, transactions and investment support). Importantly, external parties (such as custodian services) almost universally handle some of these services, whereas others are along a spectrum of in-house and external third-party providers. Equally importantly, although most of these costs positively relate to fund membership, they have the propensity to decline with average account size.
In terms of both theory and the goal of maximising member benefi ts net of costs, a possible long-run cost objective for a superannuation fund is to be in a position to produce the desired output (or outputs) at the lowest possible cost (or cost minimisation). On the basis of the above discussion, the principal outputs for most superannuation funds would appear to be assets (for investment costs) and members (for operating costs). Among other things, this means adjusting the scale of production to the most appropriate size. Sometimes dividing the production process into smaller more specialized production units can result in economies, as evidenced by the allocation of some superannuation funds tasks across divisions or departments. On other occasions, enlarging the scale of production can achieve lower unit costs. Through this process, superannuation funds overcome indivisibilities in factor inputs, avoid the costs of a lack of capacity and gain access to economies in the fi xed costs of production including marketing and administration (including human resources and information technology).
Once multiple products arise, the presence or absence of complementarities between outputs may provide cost advantages in that a single fund producing a given level of output for a number of product or product dimensions may spend less than a combination of several specialised funds. With production in superannuation funds, the production process typically comprises multiproduct attributes because it produces multiple products (different investment options (IOP), member services and returns) through the sharing and joint utilisation of inputs including investing management and administrative labour, custodian services, information technology, human resources and so on.
SPECIFICATION OF OUTPUTS AND COSTS
For our analysis, we use data consisting of fund-level observations of Australia ' s 200 largest superannuation funds. We obtain the data from APRA. Unfortunately, only a single cross-section of data was available in 2011. Stochastic cost functions typically regress costs (here investment and operating costs) on the quantity and price of the factor inputs used in production (typically capital and labour) and the outputs produced. Unfortunately, the limited data released by APRA does not permit full specifi cation of the prices and quantities of the factor inputs. As these data are not available, it amounts to the assumption that input prices are constant across the superannuation industry and so the quantity of factor inputs employed in production is proportional to the quantity of investment expenses. Fortunately, this is a realistic assumption in that Australian superannuation funds are arguably price-takers operating in highly competitive global factor markets.
We specify four outputs each for the investment and operating functions of superannuation funds. Table 1 provides selected descriptive statistics. For investment costs these are: cash fl ow-adjusted assets (CAS) (in $ millions), the number of IOP, the percentage of funds in defi ned benefi ts (DEF) and the percentage 5-year average return (FIV). On this basis, as the number of IOP increases, so too will the costs associated with management, while a larger proportion of members in a defi ned benefi t fund will tend to place downward pressure on investment costs associated with a relatively more conservative strategy. Lastly, we expect that higher investment returns will ultimately only result from increased investment expenses at the fund level, even if only for the fact that management securing higher returns will demand a premium for its services.
Turning to operating costs, the four outputs are CAS (in $ millions), the number of members (MEM), net contributions (CNT) (in $ millions) and net rollovers (RLL) (also in $ millions). The principal argument here is that operating costs mostly relate to transaction-related services within the fund and that these will primarily vary with the number of fund members. However, they will also vary with the average account size and the frequency and magnitude of member transactions with the fund in terms of contributions and rollovers.
MODEL SPECIFICATION
We use a cost function to estimate economies of scale and scope in Australian superannuation funds. The basic assumption is that superannuation funds seek to minimise costs at some chosen level of output. A cost function that allows the economies of scale to vary with the different levels of output is: The cost function in (1) allows the estimation of the economies of scale and scope. These are ray (1) (1) economies of scale, product-specifi c economies of scale and product-specifi c economies of scope (PES). Under ray economies of scale, we assume that the composition of each superannuation fund ' s output remains fi xed while the aggregate size of output varies. This provides a measure of scale analogous to the single output case where ray economies (diseconomies) of scale exist if the measure is greater (less) than unity. Product-specifi c economies of scale, however, allow one output to vary, while others are constant. Product-specifi c economies (diseconomies) of scale then exist if the measure is greater (less) than unity. Finally, PES measures whether the cost of producing the outputs jointly is less than the costs of producing them separately. A value greater than or equal to 0 thus indicates that cost advantages accrue through the joint production of outputs.
The method for calculating these measures is as follows. First, the average incremental cost, AIC ( y i ) for producing output y i is defi ned as:
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where C ( y ) is the total cost of producing the outputs and C ( y N − 1 ) is the total cost of producing 0 units of the i th output. In the case of a single product, we measure the economies of scale using the AIC divided by the marginal cost (MC). The product-specifi c economies of scale for y i , E ( y i ) are specifi ed as: The PES are: (6) left-hand side of Table 2 is 0.6470, whereas that for the operating cost function on the right-hand side is 0.7776. We test the null hypotheses of no output effects jointly in addition to various tests of no linear, quadratic and output cross-product effects with 2 test statistics. We reject all hypotheses at 1 per cent level of signifi cance, thus suggesting that all explanatory variables should jointly be included in estimating the investment and operating cost functions for Australian superannuation funds.
EMPIRICAL RESULTS
We use the estimates in Table 2 to calculate the MC and AIC for each of the four superannuation fund outputs (CAS, IOP, DEF and FIV for investment costs and CAS, MEM, CNT and RLL for operating costs). As shown in Table 3 , we do this for levels of mean output running from 50 per cent to 300 per cent (that is, 100 per cent is the mean output in the sample data). The mean values are $ 3435 for CAS, 97.14 for IOP, 51.34 per cent for DEF, 3.37 per cent for FIV, 153.93 for MEM, $ 193.47 for CNT and $ 22.16 for RLL. Consider the MC of investment on the left-hand side of Table 3 in the lower panel. As shown, investment costs decline continuously as output (as measured by CAS) increases from 50 per cent to 300 per cent of the current mean output of Australia ' s 200 largest superannuation funds. This is also the case for the number of IOP suggesting that larger funds with more IOP fi nd it increasingly less costly on a marginal basis. However, MC increase as the share of DEF in the fund and the FIV increases, suggesting that better investment performance comes at a price to net benefi ts . A similar picture emerges with the operating cost function on the right-hand side of Table 3 . As shown, the main driver of operating costs at higher levels of output appears to be size of the fund in terms of CAS and the amount of fund rollovers (RLL). At all but the lowest level of mean output, MEM and the level of contributions (CNT) have only a small impact on operating costs, suggesting that most operating costs are fairly small per member and dollar value of contributions once some minimum fund size is attained. The upper panel of Table 4 presents the product-specifi c (E) and ray (RAY) economies of scale for investment and operating costs. As defi ned, the point estimates represent the ray economies (diseconomies) of scale: if the point estimate is greater than unity then ray economies of scale exist across the outputs. As shown, ray economies (the proportional augmentation of output holding composition constant) exist from 50 per cent to 300 per cent of the mean output over the sample period for both investment and operating expenses. This suggests that the sector as a whole is currently experiencing economies of scale and there is a clear incentive to expand the production of all outputs to exploit existing potential scale economies. However, whereas the ray economies for investment costs are continuously increasing at an increasing rate, those for operating costs are increasing at a decreasing rate. Ultimately, at some level above 300 per cent of the current mean output, diseconomies of scale will infl uence operating costs in Australia ' s superannuation funds.
The upper panel in Table 4 also includes the product-specifi c economies of scale. These are the scale economies that exist where an output increases in isolation. As shown, for investment costs, there are product-specifi c economies of scale from 150 per cent to 300 per cent of current mean output for CAS, from 100 per cent to 300 per cent for IOP and from 250 per cent to 300 per cent for FIV. This complements evidence from the previous table that the main drivers of scale economies in superannuation funds are increasing the level of assets under management and the number of IOP. Turning to operating costs, the product-specifi c economies of scale only operate for relatively narrow bands at low levels of output. This suggests that scale economies in operating costs can only be realised when increasing all transaction-related activities in proportion within the same fund. Unlike many other industries, production in Australian superannuation funds does not typically involve full joint production of the various investment and operating outputs given the tendency for funds to choose various combinations of contracted-out and in-house provision of both investments and operations. This would appear justifi ed in the lower panel of Table 4 where there are GES only for operating costs at high levels of mean output (150 per cent -300 per cent). There would appear to be no economies of scope possible in investments overall, and only some PES for the IOP, DEF and FIV at extremely low levels of output. Overall, this would suggest that there is little incentive for superannuation funds to undertake all of their various investment and operating activities in-house once the fund has reached just 50 per cent -75 per cent of the current level of mean output. Beyond this point, there are certainly strong economies of scale in both investments and operations, and thus an incentive for the fund to grow larger through increasing assets under management and the MEM through growth or fund consolidation, but little evidence of economies of scope. Hence, it is highly cost-effective for large superannuation funds to contract-out many of their investment and operating activities.
CONCLUSION
This article discusses the results of a study of economies of scale and scope in Australian superannuation fund. The main fi ndings are as follows. First, there is an evidence of ray economies of scale (assuming that the composition of outputs remains unchanged) up to at least 300 per cent of current mean output in both investments and operations. After this point, there is some evidence that diseconomies of scale in operations may arise and so there is little incentive for superannuation funds to expand output far beyond that level. However, the economies of scale in investment costs increase at an increasing rate up to 300 per cent of the current level of output, and this suggests that diseconomies in investment costs (if they do exist) will only apply at very much higher levels of output than currently found in the Australian superannuation fund industry. Second, in contrast, the evidence for economies for scope is very weak, with GES only found in operations and then only at very high levels of output. This suggests that only the largest funds will benefi t in cost terms from full in-house production of administrative services and that for the typical superannuation fund there are substantial cost savings in contracting-out many administrative tasks and nearly all investment activities (or at least there are no signifi cant cost savings for in-house production).
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